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Q.No:1 CSIR-Dec-2014

Let 91 and 9 denote the normalized eigenstates of a
particle with energy eigenvalues F; and FE5 respectively,
with Fo > F7. At time ¢t = 0 the particle is prepared in

a state 1
= E(% +1)2).

The shortest time 7" at which W(¢ = T') will be orthogonal
to U(t =0) is

W(t

0)

L. (ESTJF’El)
2. (E%El)
4. 4(,5;‘173&)

Q.No:2 CSIR-Dec-2014

Let ) = ¢0|0) + ¢1]1) (where ¢y andTemare constants
with ¢3 + ¢ = 1) be a linear combination of the wave-
functions of the ground and first excited states of the
one-dimensional harmonic oseillator. For what value of
¢p is the expectation value () asmaximum?

1. (z) = %,00:%
2. (@) =/gmm 0 =73
3. (z) = ﬁ,cofﬁ
4. <x>:\/%,cofé

Q.No:3 CSTR~Dec-2015

The ground state/energy of a particle of mass m in the
potential V(z) = Vj cosh (£), where L and Vj are con-

stants (and Vp > %) is approximately

L Vo+2,/2%
.Vﬁ%\/%
.Vﬁﬁ\/%
.Vo—&-%\/%
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N

Q.No:4 CSIR-June-2016

The state of a particle of mass m in a one-dimensional
rigid box in the interval 0 to L is given by the normalised

7 (§sin (33%) + sin (7). If

its energy is measured, the possible outcomes and the

wavefunction ¢ (x)

average value of energy are, respectively
L gape: mhs and B35
2 snge g and s
3. gmgs mps and 385
4. 872%, % and %m"—zz

Q.No:5 CSIR-June-2016

The eigenstates corresponding to eigenvalues F; and
E5 of a time-independent-Hamiltonjian are |1) and |2)
respectively. | If at ¢ 0, thewsystem is in a state
|th(t = 0)h=-sinb|1) + cos 0]2) the value of ((t)|1(t)) at
time 't will be

1. 1

2. (Eysin® Q4 Eycos? 0)/\/E? + E3
3. etBrt/h ging + et/ o5 0
4

CeTEat/higin? g 4 e iB2t/h oog2 g

Q.No:6 CSIR-Dec-2016

Consider the two lowest normalized energy eigenfunc-
tions ¥o(x) and 11 (z) of a one dimensional system. They
satisfy vo(z) = ¥g(x) and 91 (x) = a%7 where « is a
real constant. The expectation value of the momentum
operator in the state 1 is

1. — L

T a?
2. 0
3. L
4. 2

Q.No:7 CSIR-June-2017

If the root-mean-squared momentum of a particle in the
ground state of a one-dimensional simple harmonic po-
tential is pg, then its root-mean-squared momentum in
the first excited state is

1. pov2
2. poV/3
3. poV/2/3
4. por/3/2
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Q.No:8 CSIR-Dec-2017

The state vector of a one-dimensional simple harmonic
oscillator of angular frequency w, at time ¢t = 0, is given
by |[4(0)) = %HO) +12)], where |0) and |2) are the nor-
malized ground state and the second excited state, re-
spectively. The minimum time ¢ after which the state
vector [¢(t)) is orthogonal to [¢(0)), is

1. m/2w
2. 27 jw
3. m/w
4. 4dr/w

Q.No:9 CSIR-June-2018

The maximum intensity of solar radiation is at the wave-
length of Agqun ~ 5000 A° and corresponds to its sur-
face temperature Ty, ~ 102K. If the wavelength of the
maximum intensity of an X-ray star is 5 A°, its surface
temperature is of the order of

1. 105K
2. 10K
3. 101°K
4. 10'K

Q.No:10 CSIR-June-2018

At t = 0, the wavefunction ‘of anretherwise free particle
confined between two infinite walls at x = 0.and =z =.L

3 — _ 2 tn T 3T \
is Y(z,t =0) = \/;(sm TE —sin'=7%). Its wavefunction
. 2 .
at a later time ¢t = 2L is
4mh
2 (i T iy 37X Lim/6
1. 7 (sm T sin = )e
2 (oin TT i 3ma\ ,—iw)6
2. = (sm 7+ sin =F )e
2 (i TT 3mxd) —in/8
3. \ﬂ(sm T sin =7+ )e
2 (i TT 3z \ ), —iw/8
4. \/:(sm T Hisin <t )e

Q.No:11 CSIR-Dec-2018

The standard deviation of the following set of data
{10.0,10.0,9.9,9.9,9.8,9.9,9.9,9.9,9.8,9.9} is nearest to

1. 0.10
2. 0.07
3. 0.01
4. 0.04

Q.No:12 CSIR-June-2019

A quantum particle of mass m in one dimension, confined
to a rigid box as shown in the figure, is in its ground
state. An infinitesimally thin wall is very slowly raised
to infinity at the centre of the box, in such a way that the
system remains in its ground state at all times. Assuming
that no energy is lost in raising the wall, the work done
on the system when the wall is fully raised, eventually
separating the original box into two compartments, is

L

r
=
=]

. (o]

Figure 1: Figure for Q.No:12

1 3m2h>
8mL?
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4. 0

Q.No:13.CSIR-June-2019

The wavefunction of a free particle of mass m, con-
strained. to move in the interval —L < x < L, is
Y(m) = A(L + 2)(L — z), where A is the normalization
constant. The probability that the particle will be found

22

to/have the energy Q’Tmizz is
1.0
2. %
3. ﬁ
4 -

Q.No:14 CSIR-Dec-2019

A particle of mass m is confined to a box of unit length
in one dimension. It is described by the wavefunction
o) = /%
outside this interval. The expectation value of energy in
this state is

sinmz(l 4+ cosmx) for 0 < z < 1, and zero

4n? 12
1 4—p
2

2. 4 p?
2

3. Zp?

8m2 32
4- 57mh/
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Q.No:15 Assam CSIR-Dec-2019

The wavefunction of a particle in one dimension is given
to be ¥(x,t) = u(x)e™ ™!, where u(z) is

azx 0<z<1
u(z) =< ta(3-2) 1<z<3
0 otherwise

and a > 0. The expectation value of the coordinate (z)
at time t =0 is

1. 3/2
2.1
3. 5/4

4. 3/4

Q.No:16 CSIR-June-2020

Let |n) denote the energy eigenstates of a particle in
a one-dimensional simple harmonic potential V(z) =

%mw2x2. If the particle is initially prepared in the state

[p(t = 0)) = \/g(|0> + |1)), the minimum- time, after
which the oscillator will be found in thé.same State is

1. 37/ (2w)
2. w/w
3. /(2w)

4. 27 jw

Q.No:17 CSIR Febh-2022

A particle of mags m_is inwa one dimensional infinite
potential well of length L , extending from z = 0 to
x = L. When'it is in the énergy Eigen-state labelled by
n, (n = 1,2, 3,%.)the probability of finding in the interval
0 <z < L/8is 1/8, The minimum value of n for which
this is possible is

1. 4

Q.No:18 CSIR Feb-2022

The figures below depict three different wave functions of
a particle confined to a one dimensional box —1 < x <1

Figure 2: Figure for Q.No:18

The wave functions that correspond to the maximum
expectation values |(x)| (absolute value of the mean po-
sition) and (22), respectively, are

1. Band C
2. Band A
3. C and B
4. (Aand B

Q:No:19 CSIR Feb-2022

A particle of mass"m in one dimension is in the ground
state of a ‘simple harmonic oscillator described by a
Hamiltonian ‘H = % + $mw?z? in the standard no-
tation. SAn impulsive force at time to ¢ = 0 suddenly
imparts a momentum pg = vhmw to it. The probability

that the particle remains in the original ground state is

1. e 2

2. e3/2

3. et

4. e~ 1/2

Q.No:20 CSIR Feb-2022

The unnormalized wave function of a particle in one di-
mension in an infinite square well with walls at z = 0
and x a ,is Y(x) = z(a —x). If Y(z) is ex-
panded as a linear combination of the energy eigen-
functions, [;'|#)(z)|?dz is proportional to the infinite se-
ries (You may use [ t sin(t)dt = —a cosa + sin a and
Jo t?sin(t)dt = =2 — (a* — 2) cos a + 2asin a)

1> (2n— 1)=¢
2.3 (2n— 1)~
3.3 (2n—1)"2
4.5 (2n—1)"8
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Q.No:22 CSIR June-2024

An atom of mass m, initially at rest, resonantly absorbs
a photon. It makes a transition from the ground state
to an excited state and also gets a momentum kick. If
the difference between the energies of the ground state
and the excited state is A, the angular frequency of the
absorbed photon is closest to

Q.No:22 CSIR June-2023

In a quantum harmonic oscillator problem, a and N are
the annihilation operator and the number operator, re-

N N

spectively. The operator e’ ae™"" is (where I is the iden-

tity operator)
1. a
2. e~ la

3. e~U+a)

Q.No:23 CSIR June-2024

The Hamiltonian for a one dimensional simple harmonic
oscillator is given by

p2
H = % + §mw2x2.

The harmonic oscillator is in the state

1
0= e

where |1) and”|2)) areythe normalised first and second
excited statesyof the oscillator and A, ¢ are positive real
n

mw’

1) Ne™|2)),

constants. If the,expectation value (¢|z|v) = 8
the value of f is

1
2(14+22)

2 V2 cos ¥
: 1+22

2A cos
3. T

A2 cos ¥
4 1+A2

Q.No:24 CSIR June-2024
The probability density function of a variable x is given
by
1
P(z) = B [0(x —a)+d0(z+a)].
The variance of z is:

1. a?

2. 0
3. 2a2

2
a_
4. @

Q.No:25 CSIR June-2025

The energy eigenstates of a one-dimensional harmonic
oscillator are denoted by [¢), where iv="0,1,2,3,.... If
the momentum operatorp satisfies

(n+pln)
2]pT) V2

then the value of n is:

Q.No:26 CSIR June-2025

A particle of mass m is in the third energy eigenstate of
an infinite potential well of width a. The time interval
in which the phase of this wave function changes by 27
is

2

1. 4;;
2. e
4. Sme”

Q.No:27 CSIR June-2025

|n) denotes the eigenvector of the number operator for a
particle of mass m in a one-dimensional potential V =
Limw?x?, n=0,1,2,.... For the state vector

1 2
lp(a,t = 0)) = 7 1)+ \/;2>

2

(x(t)) is
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1. 242,/ -k

3 5 COS wt

2 4 h

© 3 2mw coswt

2mw

3. % b cos 2wt

4 4 h

AV cos 2wt

Q.No:28 CSIR Dec-2025

A quantum mechanical particle in a harmonic potential
has the wave function

1
V2

at t = 0, where ¥ (x) and ¢ (x) are the wave functions of
the ground state and the first excited state, respectively.
If the frequency of the oscillator is w, the probability
density of finding the particle at z after time t = T is

[1ho(x) + 91 (2)]

L3 (@) — o)
2. 2 n(@) + o)

3. 5 lia(@) = v
4. Sk @45 o)

Q.No:29 CSIR Dec-2025

one-dimensional quantum harmonic oscillator with fre-
quency w is in its ground state. Its nermalised wave
function is given by

= () sty 5]

The frequency i8,suddenly increased to 2w. The prob-
ability of finding«the'particle in its new ground state is

172\/5
-3

1/2
2v2
2 (3)

¥(x)

Q.No:30 CSIR June-2026

The eigen energies and the normalized eigenfunctions in
the n'" state of a particle, confined in a one-dimensional
infinite potential well, are denoted by FE, and ,, re-
spectively. If £; = 1.2eV, then the expectation value of
energy in the state

P = 31 + 202 + V3ihy
is close to:
1. 5.5eV

2. 5.0eV
3. 4.5eV

=~

. 6.0eV
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Question No. | Entrance with year | Answer
Q-No:1 CSIR-Dec-2014 Option 2
Q.No:2 CSIR-Dec-2014 Option 3
Q.No:3 CSIR-Dec-2015 Option 4
Q.No:4 CSIR~June-2016 Option 1
Q.No:5 CSIR-June-2016 Option 1
Q.No:6 CSIR-Dec-2016 Option 2
Q-No:7 CSIR-June-2017 Option 2
Q.No:8 CSIR-Dec-2017 Option 1
Q.No:9 CSIR~June-2018 Option 4
Q.No:10 CSIR-June-2018 Option 4
Q.No:11 CSIR-Dec-2018 Option 2
Q.No:12 CSIR-June-2019 Option 1
Q.No:13 CSIR-June-2019 Option 1
Q.No:14 CSIR-Dec-2019 Option 2
Q.No:15 Assam CSIR-Dec-2019 | Option 3
Q.No:16 CSIR-June-2020 Option d
Q.No:17 CSIR Feb-2022 Option 1
Q.No:18 CSIR Feb-2022 Option 1
Q.No:19 CSIR Feb-2022 Option 4
Q.No:20 CSIR Feb-2022 Option 1
Q.No:22 CSIR June-2024 Option 2
Q.No:22 CSIR June-2023 Option 2
Q.No:23 CSIR June-2024 Option3
Q.No:24 CSIR June-2024 Option 1
Q.No:25 CSIR June-2025 Option 4
Q.No:26 CSIR June-2025 Option 2
Q.No:27 CSIR June-2025 Option 2
Q.No:28 CSIR Dec-2025 Option 1
Q.No:29 CSIR Dec-2025 Option 1
Q.No:30 CSIR June-2026 Option 1
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